Oasys LS-DYNA TRAINING COURSES

Oasys 9.4
Seat Belt Fitting
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* Read the simple seat and dummy
model belt_fitting.key into PRIMER

‘‘‘‘‘‘
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» Tools => Occupants => Seatbelts

» This menu allows you to define and
modify a seatbelt definition

 Seatbelts => 1.Define; to start creating a @ R T il
seatbelt definition
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Seaibelis

1.0Define -= 2Fit-= SMesh -= 4 Contact

Auto-refit Related iterms

Include:

Apply Mo BELT definiions exist yet

Delete Delete existing defn
List List all definitions

Sketch all definiions

Select Select exdsting defn

CREATE a seaftbelt definifon if one

does not yet exist, then SELECT the
firttir

definition to be used for
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* Seatbelts => Create

» Select the model in which we want to
create the seatbelt definition (Model 1)
and give the Seatbelt definition an ID and
name.

* Press Apply

Seatbelts

1.Define -= 2. Fit-= SMesh -= 4 Contact
Auta-reft

IPzhade:;

Seatbelt definition 1

Define the parent model id, and label

Then use ARPPLY to define its content
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* Now we need to select the parts around
which the seatbelt is to be fitted

* Press Part.. and select the parts shown
In red below

* Press Apply

SMesh -= 4.Contact

— | SEATBELT STRUCTU |=| ||

| wone | pe gl I

FILTER VI8 KEY_IN

ELEMENT

Oasys
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* Next we need to define a path for the
seatbelt

« Seatbelts => 2.Fit
* Press Define path

Define basic path
Accept Accept path for mesh
Path Fitling Path Display
Fit _ | Mone
Restart _| Basie only
_ | Current only

[ Basic + Current

Set width, etc

Fitting Fararm aters

Oasys
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* We now have to select a number of points to
define the seatbelt path, by picking nodes.

 As the points are selected they appear as
coordinates in the Seatbelt Menu

Paoint  Fix Twist X ¥ z

1 =
[ I I I : I [ I :

100711730

=
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* Next we need to define some of the points to be Seabelts
a retractor (1) and sliprings (2 & 6) so that they
won’'t move during the seatbelt fitting (the end
points are automatically fixed).

* Press on the ‘U’ or ‘A’ for the relevant point and
select the relevant type

Paint fixity

U : Unfixed

JFefractor

: Slipring

: Fixed

: Known posifion
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The twist of the belt can also be controlled

Press ‘Control Twist’ and a handle will appear
at each point allowing the twist to be adjusted
by clicking and dragging with the mouse.

The twist can be removed by pressing on the X’
Press ‘Save’

Seatbelts
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Press Dimens; This opens the window in which
we can define the dimensions of the seatbelt

Seatbelts

Aato-refit

nclude: M1 Master fles E * Width = 40mm
seply R —— * Thickness = 3mm (to help prevent contact penetration)
Diefine path Define basic path ¢ Length = 25mm
Accept path for mesh e Hrows = 2 (number elements across the width of the belt)
Path Fitting Path Display ° PreSS Done

Fit | MNome

_ | Basic only

_| Current only

[ Basic + Current -
- Thickness: 1.0

Set width, etc

Fitiing Paramaters

Set belt

Dimensions




* Press Fit; To fit the seatbelt to the dummy

» This is an iterative process so you may need to
press the button a couple of times (1-2) to get a
good fit between the belt and dummy

* When you a happy with the fit press Accept

Oasys
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Include: M1 Master fle=

Apply

Fitting BELT definiton: kM 1/EDEF1

Path Fitting

Fit

Dimens

m ]

Crefine basic path
Accept path for mesh
Path Display
Mone
Basic only
current anly

Basic + Current

Set width, etc

Fiting Paramaters




Belt Fitting ‘

 Next we need to create the seatbelt mesh
e Seatbelts=>3.Mesh

* First we need to define the seatbelt
element properties

* 1D Sbelt props — is used to define the
properties for the 1D *Element_Seatbelt

» 2D Sbelt props — is used to define the
properties for the 2D *Element_Seatbelt

« Shell props — is used to define the
properties for the 2D *Element_Shells

W/ PRIMER >

Include: M1 Master fies g

Anply Current BELT defn: M 1/EDEF1
Meshing type [=] m
Shit 1D anl

u ¥ Pt1: RETR Node | Retr

_| Shblt 20 anly MNode =auto:-

| Shells only Refr -auto:

1 MixSb1ishl

| MixSbaishl #Belt elems = 20

10 Shit props

5b1 part: undefined
20 Shit props

Generate

Slip =auto=
Mode =auto= .
Pte: 5LIP Mode Slip

Meshing start labels

Nodes: 10011743 Node sets: 100045
Shells: Shell sets:
SBelts: Modal REs:
Refractors:
Sliprings:
Set all fo: _

Oasys
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» Define the part into which the 1D
*Element_Seatbelts are to be created

» Specify a Slack Length for the elements
if required

Oasys
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 Define the part into which the
*Element_Shells are to be created

Oasys
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* The belt is split up into sections that run Seatbets
between the end and sliprings/fixed points

(in this model we have 3 sections) M1 diastr fe- o]

Anply Current BELT defn: M 1EBDEF1

Meshing type [=] m
_| Shlt 10 onl
¥ Pt1:RETR Node | Ret
_| Shit 20 only MNode -auto-
I Shells only HlChisute:
. #5Bels @
[ Mix3b1/5hl NEE
—| M Sb2fshl #5hells = 12
10 Sbit props
Sb1 part: undefined
20 5blt props
5Sh part: undefined
NRE

Generate .

Slip =auto=
Mode =auto= _
Pt2: SLIP Mode Slip

Meshing start labels

Nodes: 100711743 Node sets:
SEelts MNodal REs:
. . Refractors: -
 For each of these section we need to define

how we want the belt to be meshed | eetao

Oasys
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» There are five options to chose from

1.1D *Element_Seatbelt only Fielated fems
2.2D *Element_Seatbelt only e — ]
- Anply Current BELT defn: M 1EDEF 1
3.*Element_Shell only s o -
4.1D *Element Seatbelt at each end and *Element Shell O €21 oty PL1:RETR Nods || Rer
: ) — _| Shit 20 only MNode -auto-
In the mlddle _| Shells only Fefr =auto=
[ MixShi/Eh #5Bels g WA
5.2D *Element_Seatbelt at each end and *Element Shell | i st2s3hi R
In the mlddle Do eee 5b1 part: undefined
< Shlpreps Sh part: ll.lndeﬁned
MNEE

 Only the sections that are in contact with the dummy

need to be meshed with shell elements ‘a“;u e | 50 |
(use Option 3,4 or 5)

Meshing start labels

Nodes: 10011743 Node sets:
» Elements connecting to a slipring or retractor need
* Retractors: 1
to be 1D or 2D*Element_Seatbelt. -
(use Option 1,2,4 or 5) mAw |

Oasys
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* The end fixing node, retractor and slipring
setup can also be controlled.

Include:

» These can either be generated automatically sosty
by PRIMER or the user can specify a Mo
particular node, retractor or slipring. J sy o s
« In this tutorial we will use the automatic A |

PRIMER o ptl on 1D Sbit props

20 5blt props

Sb1 part: undefined

5Sh part: undefined

End NODE Pté: SLIP End SLIPRING Pt2: SLIP Generate o ol HAE
Mode:  oitn Slip: autn Slip auto= .
Node =t

* == PLo SLp Mode | Slip |

il - Meshing start labels
End node staius End Slipring stzius
[ Generate y [ Generate t Modes:

Shells:
_| Existing " _ | Existing ’ SBalts:
MEE Retractors:

Explain

Set all fo:
o

NODE SLIPRING

Oasys
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* The first section isn’t in contact with the
dummy so it doesn’t need to be meshed

using any shell elements
Apply
Meshing type esetmesh =
W EEL D ey Pt1: RETH Node | Refr
_| Sbit 20 only Mode =auto=
LI Shels oy REtr <autn=
I Mix3b1/shl
_1 Mix Sbarshl #Belt elems =20

o SBelts: Nodal RBs:
* Press the Arrow button to move onto the o -
next section sotare: [

10 Shit props

20 Shlt props

Generates

5b1 part: undefined

Slip =auto=
Mode =auto= :
Pt2: sLIP Node alip

Meshing stzrt lzbels

Oasys
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Belt Fitting ‘

« The second section is in contact with the dummy
need to be meshed using some shell elements

* It also needs to go through sliprings at either end so it
need to meshed as a mixture of seatbelt and shell
elements

» Typically 3 to 4 seatbelt elements at the ends are
need to allow for them to flow through the slipring

Oasys

I Sliprings:

Include:
Apply
Meshing type

| Sbit 1D only
| Sbit2D only

_| Shells onl

[ MixSh1ishl

I MixSb2ssh

10 Sblt props
20 Sblt props

Shell props

Generate

Done meshing

Modes:
Shells:
SEelts:

Retractars:

Set all to:

Pt2: SLIP
MNode =auto=
Slip =au

#5E els

#3hells =29

5b1 part: undefined

Sh part; undefined

Mode Slip

NRE

#5B els NEE

Slip =auto=
Node =zuta -
Pt&: SLIP

Meshing start labels

MNode Slip

LS-DYNA ENVIRONMENT



Belt Fitting ‘

» The third section is in contact with the dummy need to
be meshed using some shell elements

* It also needs to go through a slipring at one end so it

should be meshed as a mixture of seatbelt and shell '”°'””T:
elements —

- Once the belt is no longer in contact with the dummy e
is doesn’t need to be meshed as shell elements ) SbitaD oy

_| Shells onl

[ MixSb1i3hl

1 Mix Sb2iEh!

10 Shit props
20 Shlt props
Shell props

Generates

Diane

MNodes:
Fhells:
GEelts:
Retractars:

Sliprings:

Setall to:

Oasys
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PtE: SLIP MNode Slip
Node =auta=

Slip =au

#3536 els

MNRE

#5hells = 19

Sb1 part: undefined

Sh part: undefined
NRE

#3536 els | gl

TS

Mode =auto=
Pt 10: ENDC Mode

Meshing start lzbels

100045

f]
I




Belt Fitting

* The numbering for the new nodes and
elements can also be controlled from this
menu Include:

Apphy
Meshing type
_] Shit 1D onl
¥ Ft6: 5LIP MNode Slip
_| Shit 20 only Node —autos
_| Shells only Slip =auto=
— NMRE
™ MixSbiishl #38els Ll
L W=D #5hells = 19 —
10 Shit props —
Sb1 part: undefined —
20 Shit props —
Sh part: undefined —1
Shell props —1 NEE
(SEneratE #3536 els gl

Mode =auto-
Done meshing Pt 10: END Mode

Meshing start lzbels

Nodes: 1007171743 Node sets: 100045

f]
I

Shells: 8613304 Shell sets:

SBelts: MNodal REs:
Refractars:
Sliprings:

Setall to:

Oasys
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Berriing _ JROao4

* Now press Generate to create the mesh

« A window will come up detailing the elements
that will be created

* Press OK and PRIMER will create the
elements

Oasys
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PRIMER

—| INFORMATION =l
O
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A check screen will then appear detailing
the status of the newly created elements.

* The will be some errors for the retractor
as we have not yet set the properties for
this element.

* Press on ‘Retractor’ to edit the element.

Status of meshed iterns (click to edit)

Meshed item

10 5B Part
10 5B Sect
10 SE Mad

20 BB Part

2D 5B Sect

20 3B Ma
Shell Part

Shell Sect
Shel Mat

Sliprirg
Slipring

Check status

100: Checks ok
1000010: Checks ol
100: Chechks ok

!

I Motused in mesh

!

101: Checks ok
1000077: Checks ak
1000005: Checks ak

1: 2 error(s) and 1 warning (s}
1: Checks ol
2: Checks ok

Oasys
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* For sensor 1 (SID1) select sensor 1

* For the loading curve (LLCID)
select curve 10

* For the unloading curve (ULCID)
select curve 10

* You can also set the number of
seat belt elements stored inside the
retractor

* Press ‘Update ELEMENT’

—| MODIFY RETRACTOR 1 | 7| —Ui |
Restore Criginzl Help
| Updats ELEMENT | Sketch
Check Defn
Include:  |M1 <Master fies ] |
Modify RETR ACTOR element 1 (model 1) @

S0 Sensor #1 (Feg

#36elt elems inside - |

MNode
SERM D

SI02; Sensar #2 (Opt) 1]

S0 Sensar #3 (Opt)

1000535

S04 Sensar #4 (Opt)

TDEL: Time delay

PULL: Pull-cut dist
LLCID: Loading LC

ULZID: Unlozading LS

[ For 2 noded belts
LFED: Fed length

_ | For 4noded belts

Oasys
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Next we need to define the contact
between the belt and the dummy.

Seatbelts => 4.Contact

We can create two contacts

*Contact_ Automatic_Node_to Surface between
the node on the belt elements and the dummy

*Contact_ Automatic_Surface to_Surface
between the shell elements and the dummy

Typical only the contact between the
shell elements and the dummy is
created.

The dummy side of the contact will
only include those parts selected at
the start of the seatbelt definition

Press Create button to make the
relevant contacts

Oasys
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Seatbelts

1Define -=
Ayto-refit
nciude: M1 Master fles ]
= SEATBELT GONTACTS | = B

Contact on BELT definition: M 1EBDEF 1

Contact type & number Slave side (belf)y Master side (durnmmy)
ALTOMATIC_NODES_To_SURFACE 4l belt nodes Struct segms
=undefined= Delete (5et 1000635 (Set 100011}
AUTOMATIC_SURFACZE_TO_SURFACE Belt shells Struct segms
=undefined: Delete (Bet4) (Zet 100071}
Drefault contact parameters Edit full contact parameters

Penzalty stifiness factors

Optional shell thickness

Shell thickness scale fact

Printout flags ((CTF file)

Static friction coeff

Dynamic friction coeff

Viscous damping coeff
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 We have now finished seatbelt definition.

Tips on avoiding Initial Penetrations when fitting the seatbelt

Add a factor to the true thickness of the belt elements
— l.e. enter a number > real thickness in the seatbelt Dimens window (see Slide 9)
— Inthe analysis, high belt forces & penetration may cause you to thicken the contact surface
anyway.

Avoid too many pushes of the FIT button
— About 1 - 2 times should be enough
— use visual inspection to check the fit rather than just pressing the button a lot of times.

Try a different path, or moving the existing points.

As a last resort, move the penetrating nodes with ORIENT.

Oasys

LS-DYNA ENVIRONMENT
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This material model is used for *Element_Seatbelt parts.

Card 1 1 2 3 4 5 6 7 8
Variable MID MPUL | LLCID | ULCID | LMIN
Type A8 F I I F
Default 0 0. 0 0 0.0
* MID — Material ID
* MPUL — Mass per unit length
*LLCID — Load curve for belt loading (Force vs Engineering Strain)
Take the material stress-strain curve and multiply by the belt cross sectional area.
* ULCIN — Unload curve for belt loading (Force vs Engineering Strain). Same as loading curve for elastic behaviour
* LMIN — Minimum Length, Used to determine when an element goes in or out of a retractor, or through a slipring

(typically about 5mm)

Oasys
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The Slipring element is fixed to the vehicle structure and allows seatbelt

elements to flow through it

Card 1 2 3 4 5 6 7
Variable SBSRID SBID1 SBID2 FC SBENID LTIME FCS
Type I I I F I F F
Default 0 0 0 0.0 0 1.0E20 0.0
Remarks 1 1 1 ves yes

* SBSRID — Slipring Element ID

* SBID1 — ID of *Element_Seatbelt on one side of the slipring

* SBID2 — ID of *Element_Seatbelt on the other side of the slipring

*FC — Dynamic Friction coefficient

* SBRNID — Slipring Node ID (fixing node attached to the vehicle structure)
*LTIM — Lock up time

*FCS — Optional Static Friction coefficient

Oasys
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_ CREATE SLFRING [ 7 P

All nodes inside this
area are coincident

Create ELEMEMT

Include: M1 Master file=

Create SLIPR ING element (model 1)

|
AN

[ For 2 noded belts

Seatbelt Element 1 Seatbelt Element 2
(SBID1) (SBID2)

| For 4noded befts

Coulomb friction coeff FC:

Shelt el

=+
Slipring Fixing Node sBID2

(SBRNID)

Lockup time LTIME:

Static Fr Coef FCS:

* Seatbelt Element 1 and Seatbelt Element 2 share the same node

* The Slipring fixing node (SBRNID) is coincident with but not connected to the node on
Seatbelt Element 1 and Seatbelt Element 2

* Typically the slipring fixing node is on the structure of the vehicle or connected to it with a
constraint (e.g. Nodal Rigid Body)

Oasys
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Retractor ( ) ‘ W/ PRIMER )

The Retractor element has two states: unlocked and locked.

— When unlocked the seatbelt elements at paid out or taken in at a constant fixed
tension

— When locked the belt is paid out according to the user defined force-pull out
relationship

 switching from unlocked to locked is controlled by the sensors referred to on the
Retractor card.

A number of seatbelt elements can be pre-stored inside the retractor to be paid out
during the analysis. These elements can be automatically created for you by
PRIMER when you create the retractor element.

— The elements are all zero length and the nodes are coincident with the retractor
node

— Onthe *Element_Seatbelt card the SBRID variable is set to the retractor element ID

Oasys
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Retractor ( ) ‘ W/ F’RIMEH )

Card 1 1 2 3 4 3 6 7 g
WVariable SERID SEBRNID SBID SID1 SID2 sID3 sID4
Tvpe I I I I I I I
Default a 0 [i] 0 1] 0 0
Fematks 12 2 3
* SBRID — Retractor Element ID
* SBRNID — Retractor Node ID (fixing node attached to the vehicle structure)
* SBID — ID of *Element_Seatbelt connected to the retractor
+SID1-SID4 - Sensor IDs that control when the retractor should lock

Oasys
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Retractor ( ) ‘ W/ F’RIMEH )

Card 2
Variable TDEL PULL LICID ULCID LFED
Type F F I 1 F
Default 0.0 0.0 0 0 0.0
Eemarks 4 5
* TDEL — Time delay after sensor firing before locking the retractor
* PULL — Length of belt to pay out between time delay and locking
*LLCID — Load curve for loading (Force vs Pull Out Length)
* ULCID — Load curve for unloading (Force vs Pull Out Length)
* LFED — Element Feed Length

Oasys
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Retractor ( ) ‘ W/ PRIMER )

— ' CREATE RETRACTOR [
Abart Create
Seatbelt Element Create ELEMENT @ Shetch
Seatbelt Element Inside (@) (SBID) GheckDefn
the Retractor Include: M1 daster fle= ]
(created by PRIMER)
Creats RETRACTOR element (madel 1y (] ‘
Retractor Fixing
Node (SBRNID)
SI01: Sensor #1 (Req) _
ke
*’ Noa'é\,‘#_ SID2: Sensor #2 (Opt) _
el : SIDS: Sensor 43 (Opt) _
TDEL: Time delay _
SBID
wooversc [T
ULCID: Unloading LS _
L - For 2 noded belts
All nodes inside this [ For@nadeae LFED: Fed length _

area are coincident __| For 4nodedbelis

* The Retractor fixing node (SBRNID) is coincident with but not connected to the nodes of the
seatbelt element (SBID) and all the seatbelt elements stored in the retractor

* A least one sensor must be referred to. If the retractor should start the analysis locked then
use a time base (SBTYP = 3) sensor and set the Time = 0.0sec.

Oasys
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Pretensioner ( ) ‘ W/PFEI_M&:)

The pretensioner element can behave in a number of different ways
depending on which type (SBPRTY) is specified on the element card.

« Type 1 &5 — represent pyrotechnic devices that spin the spool of the retractor

 Type 2 & 3 —represent pre-loaded springs / torsion bars (using discrete elements)
« Type 4,6 & 7 — allow a particular force behaviour to be defined

Oasys
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Load Limiter ‘ W/ PE_{EMEF:)

A load limiter is typically modelled using an elastoplastic spring (*MAT_S03)
between the retractor and the vehicle structure. A cylindrical joint is also
need to prevent the retractor from drifting.

Retractor

Retractor fixing node connected to the rigid
part using a *Constrained Extra Node

Y —

[ —=<= Small Rigid Part (2x2 shell elements)
A

N F Low tangent stiffness (KT)

«——Cylindrical Joint with

stiffness spring \

High elastic stiffness (K)

Yield force (FY) = load limit

Vehicle Structure

vo

Oasys
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Seat Belt Re-Fitting




@

« Works only if belt was initially fitted in Primer.

« If using a belt model created in previous versions of
Primer, check carefully for redundant seatbelt elements
attached to retractor and/or sliprings after the first re-
fitting of the belt.

* You may find it necessary to re-create the belt definition
in Primer 9.4 for this feature to work properly.

Oasys

LS-DYNA ENVIRONMENT



R Ocs - 40

* Reposition the dummy

Tools => Dummies

Position => Set H Point

Move the dummy 20mm in x (420 to 400)
Press ‘Apply’

Cummies 7

| Curr: M 1DURMM 100000, H-pt: 400.0 200.0 214.9935

| Set H-paint Translate

SetH Pt 4000 2#00.0 2149935

Oasys
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Belt Re-fitting

* Tools => Occupant => Seatbelt
* Press ‘Auto-refit’

Auto-refit
* Press ‘Appy’ Imchude:

PRIMER will update the belt path using the i
new geometry and create a new belt

Reset

Anply

Update belt path

Initial remeshing labels:
Reft belt |7 Re-use existing

INFORMATION | =]l

Remesh belt Nodes:

Meshing belt segment 1

.. Using retractor 1 at end §l
.. Using slipring 1 at end §2
. Created Z0 belt elements

Recreate contact

Meshing belt segment 2

Recreate THEs & sets

.. Using slipring 1l at end §1

. Created 4 belt elements for end 1 Delete old belt iterns

__ Using slipring # at end §2 MNode sets: rl
. Created 4 belt elements for end §2

- | —— . .
. Created nodal rigid body st end #l Options: Shel sets: fl
. Created nodal rigid body at end #2
Explain

UGG

Heshing Belt el (W’ Move fixed points to

| Using slipring 2 ac end £1 refrislipinode positions
... Created 4 belt elements for end #l
... Created 10 belt elements for end #Z . .
. Created 20 shell elements w Find free end point Esplain
... Created nodal rigid body at end #1 |
. Creared nodal rigid body at eond §Z nodes on structure

Placed =211 154 belt nodes in *SET_NODE 100043

o _ M= refiting 500 Explain
aced 48 belt only nodes in *SET_NODE 100050

#iterations:

Placed 51 shell elements in *3ET_SHELL 2

Finished sestbelt meshing cperation.

L

Oasys
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